Plain language summary
======================

The proportion of older people in the world is increasing. Total hip arthroplasty (THA) is a common and well-established procedure for displaced femoral neck fractures (FNFs) due to the risk of femoral head necrosis after osteosynthesis with approximately 600 surgeries performed annually in Denmark. The demand for well-functioning implants that not only have low implant complications profile but also maintain the patients function and mobility after surgery is essential. In this cross-sectional study, we investigated the function, mobility and satisfaction in patients receiving a dual-mobility (DM) THA. A total of 414 patients were operated on between January 2005 and December 2011. In 2012, we evaluated 124 patients with two questionnaires (Oxford Hip Score \[OHS\] and Harris Hip Score \[HHS\]) regarding their postoperative function, health-related quality of life (HRQoL) and we did two functional capacity tests, Timed Up and Go (TUG) and Sit to Stand 10 times (STS). The patients were matched 1:2 to a patient group receiving a THA due to osteoarthritis (OA group). For the HRQoL, results were matched to the general population index (GPI). The mean follow-up time was 2.8 years and the mean age was 74.8 years. Of the 124 FNF patients investigated, 89% were satisfied with the operation. We found slightly lower HRQoL results in the FNF patients compared to the matched OA group, but HRQoL was similar to the large matched GPI group. OHS results for the FNF patients were comparable to the OA group. The functional capacity tests translate into good function. We concluded that using DM THA in the treatment of FNF patients provides good functional results and quality of life in addition to high patient satisfaction.

Introduction
============

Hip fracture is one of the biggest health care challenges in the 21st century. The reason is the reversing aging pyramid and longer life expectancy, which increases morbidity, mortality and socioeconomic costs related to hip fractures.[@b1-cia-13-615] Displaced femoral neck fracture (FNF) is a common injury in the elderly, and treatment with total hip arthroplasty (THA) has low complication and revision rates compared to internal fixation and hemiarthroplasty.[@b2-cia-13-615],[@b3-cia-13-615] The dual-mobility (DM) hip articulation has a mobile femoral head captured in the polyethylene (PE) liner so that the large diameter PE essentially functions as a large femoral head similar to that of the anatomical/native femoral head. This design, theoretically increases range to impingement and improves stability compared to conventional hip implants.[@b4-cia-13-615] The DM articulation has proven effective in reducing the THA dislocation risk in fragile FNF patients, demented and patients with a high risk of falling.[@b5-cia-13-615]

Traditionally, the outcome after surgery has been measured in relatively tangible data such as mortality, reoperation, surgical implant success and radiographic results. Less is known about the patient-centered and functional outcome after ended rehabilitation in fragile FNF patients.[@b6-cia-13-615],[@b7-cia-13-615] There is increasing focus on patient-related outcome measures (PROMs) but little consensus among professionals on which measures to use, and which outcomes patients see as important. There are five major categories in assessing outcome measurements; general health-related quality of life (HRQoL), activities of daily living (ADLs), mobility and physical performance scales, disease-specific scales and joint-specific scales.[@b7-cia-13-615] It is advised to use scales from more than one category to assess outcome.

In Denmark, 568 THA out of 9,674 annual THA (all diagnoses, 2015) are performed due to FNF. There is no national follow-up on patient-reported outcomes after THA for treatment of FNF in Denmark.[@b8-cia-13-615]

The aim of the present study was to investigate the function, health status and satisfaction in patients treated with primary DM THA after displaced FNF in comparison with 1) an age- and gender-matched group of patients treated with THA due to hip osteoarthritis (OA) and 2) the background population. We hypothesized that FNF patients treated with DM THA gain good function and high satisfaction at the level of hip OA patients treated with primary THA.

Patients and methods
====================

Patients
--------

The study design was a cross-sectional clinical cohort follow-up study with prospective evaluation of the function, health status and satisfaction in patients treated with primary THA after displaced FNF compared to 1) a matched group of patients treated with THA inserted due to OA, and 2) the age-matched background population.

In 2005 the Saturne^®^ DM Acetabular System (Amplitude, Valence, France) became the standard treatment in our department for Garden type III and IV displaced FNF[@b9-cia-13-615] in combination with a cemented Exeter stem or a cementless Corail stem. Cemented or cementless fixation according to bone quality and the surgeon's preference. Regardless of mental status, patients were given the same treatment.

Between January 2005 and December 2011, 414 consecutive FNF patients received a Saturne DM THA at the time of follow-up 155 were dead. The etiology of the FNF was low velocity mechanical fall in all cases. At a minimum of 1-year follow-up, 124 patients (95 women) with a mean age of 77.6 age (range 37.2--94.3) responded to an invitation and were evaluated in our outpatient clinic. Of the 124 patients, 56 cups and 83 stems were cemented.

All patients surgeries were through a posterolateral approach and they received the same postoperative rehabilitation program as OA patients. To prevent infection 1 g Diclocil^®^ (dicloxacilline) was administrated preoperatively as well as three times during the first 24 postoperative hours. From the first postoperative day, the mobility goal was for the patient to be out of bed 4 hours including training with the physiotherapist and occupational therapist, and 8 hours per day for the rest of the hospitalization period.

At the cross-sectional follow-up, and after informed consent, all FNF patients reported their quality of life EQ-5D, Oxford Hip Score (OHS), New Mobility Score (NMS) and satisfaction with the DM THA treatment.[@b10-cia-13-615]--[@b14-cia-13-615] A nurse assisted the patient in recalling the preoperative NMS. Harris Hip Score (HHS) including a hip examination was completed.[@b15-cia-13-615] Functional capacity was tested with Timed Up and Go (TUG) time as well as Sit to Stand 10 times (STS).[@b16-cia-13-615]

Patients had their cognitive function tested at follow-up with a Danish version of the abbreviated 0--9 mental status test, where a test score between 0 and 5 is considered low cognitive function.[@b17-cia-13-615] For those participants with cognitive impairment (n = 10), the journal and questionnaire was reassessed and in total five patients were excluded because we felt their cognitive function was too impaired for the answered questionnaires to be valid and useful.

All the patients were offered a standard package of postoperative clinical controls from our standard clinical pathway, and by attending the controls the patients gave their consent to participate and no written consent was needed.

FNF patients were matched 1:2 by age, sex and surgery date with patients receiving THA due to hip osteoarthrosis (OA) where all had been followed to 1 year with OHS and EQ-5D. The FNF patients were further matched to the general population index (GPI) for comparison of EQ-5D scores.

Matching
--------

We performed matching with two different control groups for comparison of PROM data with our FNF case group. 2:1 matching on EQ-5D and OHS to the hip OA group receiving THA at the Hospital Unit West between the years 2008 and 2013 (n = 1,250). The FNF patients were matched on three parameters (gender, age in 5-year age intervals and surgery year). A control patient was only used for a single match. We obtained a full match on all three parameters for 76 patients, and a partial match (gender and age, but not on operation year) for 42 patients, where we further attempted to minimize the difference in operation year. Six FNF patients could not be matched at all. Double match was possible in 88% of full matches and in 97% of partial matches. All full and partial matches were used for comparison of EQ-5D and OHS (n = 226).EQ-5D scores of the FNF patients was matched to the general population norms based on the study of 15,700 respondents in the Danish general population.[@b18-cia-13-615] FNF cases were divided into 5-year intervals and thereafter matched on gender- and age-related (5-year intervals) population norm. On average, there were 359 matches in the general population group per FNF case, but all possible matches were used for the comparison of life quality (n = 44,519).

The Central Danish Regional Committees on Biomechanical Research Ethics reviewed the study and judged it as a quality control, and therefore according to Danish law no approval was necessary (inquiry 149/2012 of October 1, 2012).

Statistical analysis
--------------------

Non-parametric (Mann--Whitney) statistics was used for continuous data, where data were not normally distributed according to a Shapiro--Wilks test, and parametric (Student's *t*-test) statistics where data was normal distributed.

Linear regression was used to compare the FNF group to the matched OA group for scores in EQ-5D, and likewise linear regression was used to compare OHS between FNF patients and the matched OA group. Correlations were evaluated by Spearman's correlation test.

For comparability with the literature, and for interpretability reasons, we present the mean values for data without a Gaussian distribution (TUG, STS, EQ-5D, HHS and OHS).

Statistical significance was set at the 5% level and all statistical computations were undertaken with Intercooled Stata version 13.1 (StataCorp LP, College Station, TX, USA).

Results
=======

The demographics for the FNF group are summarized in [Table 1](#t1-cia-13-615){ref-type="table"}.

Comparison with matched OA THA group
------------------------------------

FNF patients had a mean EQ-5D of 0.79 (range 0.37--1.0, SD 0.15). The adjusted (gender, age and operation year) estimate of the mean difference of EQ-5D from FNF patients to OA patients was 0.06 (95% CI 0.1, 0.01, *p* = 0.014).

The statistical difference between the FNF patients and the OA patients was found to be in question 1 concerning mobility (*p* = 0.002) and question 4 concerning pain/discomfort (*p* = 0.0043).

The adjusted estimate of the mean OHS difference between FNF patients and OA THA patients was 1.66 (95% CI −4.10, 0.78, *p* = 0.18). There was no difference in OHS score between genders in the FNF group (*p* = 0.74).

Comparison with matched GPI
---------------------------

There was no difference in EQ-5D between FNF patients and the gender- and age-matched general population norm (*p* = 0.40). EQ-5D results for FNF, GP and OA patients are shown in [Figure 1](#f1-cia-13-615){ref-type="fig"}.

The age matched (age \> 75 years) HHS for the general population has been reported to be 93.7 (SD 7.1),[@b19-cia-13-615] and the HHS of the FNF patients in our study was lower than the reported population level (*p* \< 0.0001), but 20% of the FNF patients had a score at or above the general population level at follow-up. In the FNF group, there were similar HHS between genders (*p* = 0.98).

There was a good correlation between HHS and EQ-5D (rho = 0.60, *p* \< 0.0001) and between HHS and OHS in the FNF patients (rho = 0.65, *p* \< 0.0001).

At follow-up, 89.5% (n = 111) scored their overall satisfaction with the operation outcome as either very good (n = 71) or good (n = 40). Satisfaction had a moderate correlation to EQ-5D (rho = −0.42), OHS (rho = −0.52) and HHS (rho = −0.48), all significant (*p* = \<0.0001).

Complications
-------------

Of the FNF patients, four underwent revision surgery during follow-up. One patient had stem-revision because of a fall-related stem fracture 58 days after primary surgery. One patient in immunosuppressive therapy was successfully revised to debridement, washout and arthrotomy because of a *Staphylococcus epidermidis* acute deep infection, and no components were replaced. Two patients underwent revision surgery because of aseptic loosening, one with cup loosening and one with femoral stem loosening. One hemiplegic patient sustained a fall 17 days after surgery and had a hip dislocation, which was treated with closed reduction.

The patients who experienced complications all had below average scores in the follow-up PROMS and functional tests compared to the other FNF patients.

Discussion
==========

To the best of our knowledge, this is the first study of mobility, physical performance, PROMs and treatment satisfaction exclusively in hip fracture patients treated with DM THA.

It is recommended to use scales from more than one of the five overall categories when measuring outcome after FNF, as there is no single unifying scale for assessing outcome after FNF.[@b6-cia-13-615],[@b7-cia-13-615] In this cross-sectional study, we focused on three out of the five categories, namely, general quality of life (EQ-5D), mobility and physical performance (TUG, STS) and hip-specific scores (OHS, HHS).

EQ-5D
-----

The FNF patients in this study had a mean EQ-5D score of 0.79 (range 0.37--1.0) with follow-up between 12 and 90 months, which was better than reported in other studies of FNF patients treated with THA, with EQ-5D scores ranging from 0.61 to 0.71 with follow-up length between 12 and 48 months.[@b20-cia-13-615]--[@b23-cia-13-615] We found a slightly lower EQ-5D score compared with the matched OA THA group, but the clinical relevance is questionable. In general, OA patients have fewer comorbidities than FNF patients and the follow-up time was mean 1.8 years longer for the FNF patients than for the matched OA THA patients, which may also have contributed to the difference, as function and health status decline with the passage of time especially in comorbid FNF patients.[@b21-cia-13-615] Positively, the EQ-5D for the FNF patients in our study were comparable or slightly better than EQ-5D values 6 months after surgery in British patients receiving THA for OA, which is reported to be 0.76 in the age range 70--80 in 2010/2011.[@b24-cia-13-615]

We found no difference to the age- and gender-matched large general population group in EQ-5D.[@b18-cia-13-615]

OHS
---

We expect both FNF and OA patients to have reached peak hip function 1 year after surgery, but possibly function may also decline again after 1 year due to aging and fragility.[@b20-cia-13-615],[@b22-cia-13-615] In spite of the longer follow-up in FNF patients, we found no difference in OHS score between the FNF patients and the age- and gender-matched OA THA group, and the mean OHS score of 36.4 translates to a good result in the FNF patients.

A combined normal population OHS reference in the age range 70--79 from Australia and Canada was 42.5.[@b25-cia-13-615] This score was based on a quite low total number of 70 persons from the two countries, which bears a risk of selection bias, and further cross-nation norm data might also be different.

HHS
---

HHS of 78.7 in the FNF patients of this study translates to a fair result which is lower than other studies of FNF patients.[@b22-cia-13-615],[@b23-cia-13-615],[@b26-cia-13-615],[@b27-cia-13-615] We found a lower HHS compared to the age (\>75)-matched general population level by Lieberman et al, and to the reported HHS values of 93.1 for the age range 70--79 years in McLean et al.[@b19-cia-13-615],[@b25-cia-13-615] Both studies were based on a low number of respondents, 44 and 70, respectively, and Lieberman et al used telephone administrated questionnaire and no clinical assessments. Furthermore, both studies might have cultural composition differences that may not be comparable to that of our study group.

Time Up and Go test and Sit to Stand test
-----------------------------------------

The TUG score of 13.5 secs (range 4.5--30.1) in the FNF patients is below the predictive cutoff fall values for community-dwelling older adults of 14 secs and that of 24 secs within the first 6 months after discharge after hip fracture operation.[@b28-cia-13-615],[@b29-cia-13-615] TUG score \<20 secs translates to good mobility in terms of "can go out alone, mobile without gait aid," and this was found in 90.5% of the FNF patients in our study.[@b16-cia-13-615]

STS
---

STS 10 times repeated time measure has not been reported for FNF or OA patients before. The more widely used STS test is either 5 times STS or 30 secs STS.[@b30-cia-13-615] We found that a correlation between TUG and STS in the FNF patients was moderate to strong correlation (rho = 0.58), and we cautiously interpret this as a fairly good performance although we do not have directly comparative studies.

NMS
---

Of the FNF patients, 84.5% (n = 70) had a NMS higher than 6 at follow-up which translates into a high score with good mobility and functional level.[@b29-cia-13-615] Patients scored their recalled preoperative NMS higher than their postoperative score. This difference could potentially be recall bias, as the preoperative NMS evaluation was collected at a postoperative cross-sectional follow-up interview in the outpatient clinic at a mean follow-up of 2.8 years. The difference could also be attributed the general functional decline elderly experience over time.

Limitations
-----------

Elderly sustaining a FNF is a heterogeneous patient group ranging from healthy independent subjects, to patients demanding a high level of functional assistance, to even institutionalized and bedridden subjects. As a result, there is a natural high loss to follow-up to consider in any hip fracture study, which also was the case in this study.

The current study has several limitations that should be considered. Patient selection is one of the primary limitations of this study, as 37% (n = 155) patients were dead at follow-up, and of the remaining patients only 47% (n = 124) were sufficiently fit and willing to participate in the clinical examination. Thus, we probably evaluated only the best of the FNF patients. Longer follow-up would most likely have resulted in greater loss of patients available for evaluation, as the mortality rates and comorbidities of FNF patients are high.

The cross-sectional study design did not option data collection of preoperative mobility and physical performance data (TUG and STS) and PROM data (EQ-5D, OHS and HHS), and the absence of repeated measurements to detect change before and after intervention might not generate a true outcome.[@b31-cia-13-615] It is questionable that the PROMs developed for the evaluation of specific joints and HRQoL are suitable for evaluation after a proximal femoral fracture. The reason for this is that most of these scales were developed to evaluate patients after operation due to OA. Furthermore, older and fragile FNF patients may tend to view their limitation causality to aging, making it challenging to evaluate the FNF impact from the comorbidities patients may experience.[@b6-cia-13-615] The existence of four suitable validated scores for hip-related outcome scales for the use in patients with proximal femoral fractures calls for a shift in the widely used scales when evaluating the complex patient group that proximal femoral fracture patients represent.[@b7-cia-13-615] The need for implementing more robust and rigorous scoring systems is evident for clearer recommendations for future investigations.

Conclusion
==========

At short-term follow-up, patients with DM THA following displaced FNF had a good functional and satisfaction result. Some 89% (n = 111) of the patients were satisfied with the surgical outcome. EQ-5D was similar to the age/gender-matched population index, but lower compared with OA THA patients. We found good functional and mobility outcomes on TUG test, STS and NMS for FNF patients. Hip-specific questionnaires revealed good results for FNF patients, and for OHS, the results were at the same level as the age, gender and surgery time-matched OA THA patients.
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###### 

Demographic results for FNF and OA patients

  Demographic                          FNF cases                2:1 OA match               *p*-value
  ------------------------------------ ------------------------ -------------------------- -----------
  n                                    124                      226                        
  Gender (m/f)                         29/95                    49/177                     0.7
  Age at operation, mean (range, SD)   74.7 (30--92.6, 9.5)     74.6 (52.6--92.2, 8.7)     0.6
  Age at FU, mean (range, SD)          77.6 (37.2--94.3, 9.1)   *75.6* (53.6--93.2, 8.7)   \<0.001
  Follow-up, years (range, SD)         2.8 (1.0--7.7, 1.6)      1-year FU                  \<0.001
  TUG, seconds (range, SD)             13.5 (4.5--30.1, 4.9)                               
  STS (range, SD)                      38.0 (16--101, 15.4)                                
  NMS (pre/postoperative)              8.2/7.2                                             \<0.001
  HHS (range, SD)                      78.7 (31--100, 15.5)                                
  EQ-5D (range, SD)                    0.79 (0.37--1.0, 0.15)   0.85 (0.47--1.0, 0.13)     0.014
  OHS (range, SD)                      36.4 (9--48, 9.5)        38.5 (16.5--48, 6.9)       0.18

**Abbreviations:** FNF, femoral neck fracture; OA, osteoarthrosis; m, male; f, female; FU, follow-up; TUG, Timed Up and Go; STS, Sit to Stand; NMS, New Mobility Score; HHS, Harris Hip Score; EQ-5D, EuroQol-5D; OHS, Oxford Hip Score.
